Abstract. The power line communications (PLC) channel is noisy one, which can be modeled by the Markov process. The order is the key concerning when used the Markov process. the level of complexity will be incurred from using higher order , while the first-order Markov models may lead to the less accurate channel response. In the paper, the first-order Markov channel is under thoroughly discussion, and it can provide a mathematically tractable model for time-varying channels and uses only the received SNR of the symbol immediately preceding the current one. With the first-order Markov chain, given the information of the symbol immediately preceding the current one, any other previous symbol should be independent of the current one. We show that given the information corresponding to the previous symbol, the amount of uncertainty remaining in the current symbol should be negligible. That means the first-order of Markov process is enough when modeled the PLC channel.
INTRODUCTION
With the rapid increasing research interesting in the smart grid, the power line communications systems (PLC) has been more and more important and popular [1] . Recently, the focus of the PLC community has widened and, in fact, shifted back to areas innate to PLC: PLC for control and automation systems [2] . One reason for this development has been the need for a powerful communication infrastructure that enables the idea of smart grid [3] . Power utilities have been native users of PLC technology, and it is expected that PLC will play a role in the blend of technologies composing the smart grid communication infrastructure [4] .
In order to achieve top performance for numerous communication applications such as data, audio, and video transmissions with prescribed delay, data rate, and quality of service (QoS), the channel knowledge of PLC must be very accurate. Therefore, there is growing interest in power line communication modeling [5] . Due to the nature of impendence mismatch and switch on/off of the electrical devices in the power networks, esp. the LV networks, the PLC channel shows a strong fading and noisy characteristic, which is quite similar with the wireless/mobile communications channels [6] [7] .
The noisy channel may possess certain time-varying memory content that causes channel quality to vary with time, depending on the precious channel condition, or in other words, it is a memory channel. In many communications systems, the memory channel can be modeled as the Markov chain or Markov process [8, 9, 10] and [11] . Although the noisy channel can be modeled as the Markov one, however, there are still arguments. Some papers proposed to use the first-order Markov models, because any other previous state should be independent of the current state given the information of the state immediately preceding the current one [12] [13], while some ones argue that second-or higher-order Markov processes should provide a more accurate model [14] [15] .
For the PLC systems, there are some works trying to model the channel with the Markov chain [16] . The order of the Markov chain, however, is not yet considered when modeled the PLC Markov model. In this paper, we answer this question by showing that given the information corresponding to the previous symbol, the amount of uncertainty remaining in the current symbol should be negligible. The mathematical channel model is presented in Section I, followed by analytical derivation of the joint probability density function of the received envelope amplitudes in Section III. In Section IV, results from numerical evaluation and computer simulation are presented to show the relative importance of previous channel symbols to the current one. Conclusions are drawn in Section V.
SYSTEM MODEL
We assume that a signal at frequency ω transmitted, and that there are M waves with propagation delay times m T . The received signal can be written as
The amplitude coefficients n C are defined as
Representing the power associated with each individual wave. With the approximated exponential distribution of the delay spreads [17] , the function ( )
Where D T is a measure of the time delay spread..
Equation (2) can be rewritten as
Where ( ) Since we are interested in the correlation of channel quality between three consecutive symbols, derivation of the joint probability density function (j .p.d.f.) of the corresponding envelope amplitudes is important. Let 
from equation (9), we can conclude that the sets x and y are independent. Therefore equation (10) 
SIMULATION RESULTS
In order to answer the question that whether the first-order is better than second-or higher order Markov model when modeled the PLC channel, we will show that given the information corresponding to the previous symbol, the amount of uncertainty remaining in the current symbol should be negligible. From the point of the information theory, it is the mount of the measurement of the mutual information. Let i R be the received amplitude of the i th channel symbol, the information of i R provided by the joint ensemble 
is the average conditional mutual information and ( )
is the average mutual information.
According to the information theory, ( ) (17) In our simulation, the number of waves M is equal to 100. The range of received envelop is partitioned into S intervals and each state of the channel corresponds to one of these intervals, which can be used by the Markov process.
In Fig.1 
is less than 1% for most values of SNR, which correspond to the Markov channel states. As the SNR increases, the received signal envelope fluctuates slowly and the information about the current channel symbol that can be provided by the previous symbols is limited. In general, the importance of
R is negligible, which means that the PLC channels can be modeled as the first-order Markov process.
CONCLUSION
In this paper, we derive the joint probability density function of the received envelope amplitudes at time is calculated through computer simulations. We conclude that as for the current channel symbol, the effect of channel symbols other than the immediately preceding one can be negligible. Therefore, the first-order Markovian model can be used when modeled the PLC channels. 
